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CRITERIA FOR THE IDENTIFICATION OF HOMOGENEOUS ELECTROPHORETIC
PEAKS IN MULTIPLE MYELOMAt
In 1939, Longsworth, Shedlovsky and MacInnes described the occurrence
of abnormal Tiselius electrophoretic patterns in multiple myeloma.' These
findings were confirmed by Kekwick,5 Gutman! and Moore' and their co-
workers who pointed out that the characteristic pattern showed a sharp,
narrow globulin component of variable electrophoretic mobility. During the
next decade electrophoretic analyses of serum proteins of patients with
myelomatosis were carried out by many investigators.`~In all of these
studies the abnormal proteins were characterized simply as "tall, narrow
peaks,"' "electrophoretically homogeneous proteins,"7 or "sharply defined
peaks."5 Similar abnormal globulins have been demonstrated by filter
paper electrophoresis in patients with myelomatosis, and the same terms
have been used to describe them.Y' Patterns of this type have generally
been considered diagnostic of myelomatosis.5'7"'U
Although the classic "myeloma" pattern can be readily recognized by
inspection of the stained filter paper strip, some patients with myelomatosis
exhibit more subtle, nonspecific abnormalities.5'7'8,10 Often these abnor-
malities are due to the presence of small amounts of abnormal protein
which are barely discernible against the background of the normal protein
components and do not satisfy the criteria of dense, narrow, sharply defined
bands. Furthermore, recent studies have shown that other disorders may
exhibit abnormal electrophoretic patterns that appear to be indistinguishable
from those of multiple myeloma.'-"
Several authors have suggested objective criteria for the identification of
homogeneous myeloma peaks. Harboe found that the width of such peaks
measured at a point two thirds of the distance from the base to the apex
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did not exceed the width of the albumin fraction at an equivalent level.'7
This criterion was valid for Tiselius electrophoretic patterns, but not for
paper electrophoretic patterns.
Wuhrman and his co-workers suggested that in Tiselius electrophoresis
the height-to-width ratio measured at the base ("Q" Index) could be used
to differentiate between the abnormal homogeneous globulins of myelo-
matosis and the more heterogeneous globulins of cirrhosis and other
hyperglobulinemic disorders."8'1 In their experience "Q" values were greater
than 2.0 in myelomatosis and less than 2.0 in the other disorders.
Recently Kyle and his associates have reported that the abnormal serum
protein peaks of myelomatosis, as determined by paper electrophoresis,
are characterized by height-to-width ratios greater than four, when the
width is measured at a point halfway between the apex and the base
("K" Index).'o However, 25 of the 140 myeloma peaks they studied
(17.8%o) did not satisfy these criteria. These authors also reported similar
homogeneous peaks in 15 patients with nonmyelomatous diseases which
also had "K" indices greater than 4.0.
There has been no systematic attempt to differentiate by objective
criteria myeloma protein peaks from those seen in the nonmyelomatous
disorders.
In the course of analyzing approximately 12,000 filter paper electro-
phoretic patterns, we have encountered 90 abnormal myeloma-like peaks,
including 50 in the serum of patients with nonmyelomatous diseases.
Although most of these homogeneous protein components fulfilled the
objective criteria as defined above ("Q" index or "K" index) some did
not satisfy these standards. The present investigation was undertaken in
an attempt to establish precise objective criteria for the identification
of the abnormal peaks found in multiple myeloma, and to determine whether
or not such criteria are of any value in distinguishing between the abnormal
peaks of multiple myeloma and those of other diseases.
METHODS AND MATERIALS
The filter paper serum electrophoretic patterns of 40 patients with multiple myeloma,
who exhibited classical abnormal globulin peaks, were analyzed and compared with
those of: (a) 50 normal subjects, (b) 73 patients with serum globulin levels above
4.0 grams per 100 ml. and (c) 50 patients with nonmyelomatous disorders who exhibited
myeloma-like globulin peaks.
All 40 patients with multiple myeloma had the classic clinical features and bone
marrow findings of that disease. The normal subjects were healthy medical students,
nurses and house officers. The hyperglobulinemic group, in which the diagnoses were
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confirmed histologically, included 26 patients with Laennec's cirrhosis, 11 with post-
necrotic cirrhosis, 11 with viral hepatitis, 12 with sarcoidosis, and 13 with miscellaneous
disorders.
The nonmyelomatous patients with myeloma-like peaks in their serum, referred to
hereafter as the pseudomyeloma group, were selected on the basis of a narrow, dense
protein band in the beta or gamma range on visual inspection of their stained filter
paper electrophoretic patterns. Included in this group were patients with Waldenstr6m's
macroglobulinemia, lymphoma, metastatic carcinoma, collagen-vascular diseases, tuber-
culosis, and several with no apparent cause. The diagnoses in the majority of these
patients were established histologically. The clinical aspects of this group of patients
will be the subject of a separate report.21
Electrophoretic analyses were performed on 0.01 ml. of serum using the Spinco
hanging-strip paper electrophoresis method.' Veronal buffer with a pH of 8.6 and
ionic strength of 0.075 was used. Electrophoresis was carried out at room temperature
on Whatman #3 filter paper strips for 16 hours with a current of 5mA. per cell. The
strips were stained with bromphenol blue and then scanned with the Spinco Analytrol.
Total serum proteins and serum albumin levels were estimated by the biuret technique
before and after sodium sulfite precipitation.'-'
The relative protein concentration of each electrophoretic component was estimated
from its area on the scanned pattern. These patterns were divided into the individual
components by dropping perpendicular lines from the lowest point between adjacent
peaks to the baseline. These lines were employed in determining both the area and the
width of the individual protein components (Fig. 1). In a few scanned patterns in
which the abnormal protein peak merged with an adjacent normal peak, making it
difficult to determine its width precisely, lines were projected symmetrically from
the upper, well-defined portion of the peak to the base (Fig. 2). The widths of both
the albumin and abnormal globulin peaks were measured along the baseline and at
points one-quarter, one-half and three-quarters of the distance from the base to the
apex. The widths of the individual peaks were expressed as per cent of the total width
of the pattern to compensate for variations in electrophoretic migration in comparing
different patterns. The relative widths of the abnormal protein and albumin bands
were also compared by visual inspection and by direct measurement of the stained strips.
Height to width ratios ("Q" and "K" indices) were calculated as suggested by
their proponents."':
RESULTS
The levels of total serum protein, albumin and the globulin components
for each group of patients are shown in Table 1. The mean total protein
concentration was significantly higher than normal in the multiple myeloma
patients (p < 0.001) but not in the hyperglobulinemic or pseudomyeloma
groups. The mean serum albumin levels were abnormally low in all three
groups (p < 0.001). The mean serum globulin levels were abnormally high
in each of these groups (p < 0.001), due almost entirely to a large increase
in the gamma globulin fraction. The greatest increment occurred in the
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myelona group, and was accounted for almost entirely by the abnormal
protein peaks which constituted from 10.8 per cent to 81.3 per cent of the
total serum proteins, and averaged 41.8 per cent.
In the pseudomyeloma group a similar, but smaller, increment in the
gamma globulin fraction was observed, and here, too, it was largely due
to the presence of the abnormal component. In this group the abnormal
protein averaged 25.3 per cent of the total serum proteins and ranged from
7.9 per cent to 72.4 per cent.
In the myeloma group 35 of the 40 abnormal electrophoretic peaks
migrated with the gamma globulins. Three were "M" peaks, which migrated
between the beta and gamma globulins, and two migrated with the beta
globulins. The distribution of abnormal peaks in the pseudomyeloma group
was similar: 47 had gamma peaks, two had "M" peaks and one a beta
peak.
The mean values for the relative widths of the normal electrophoretic
components in the scanned patterns were similar in all groups of patients
and did not differ significantly from those in the control subjects (Table 2).
Relative widths of albumin and abnormal protein peaks. In the myeloma
group the mean width of the abnormal peaks was 17.6 per cent of the
total length of the scanned pattern while that of the albumin fraction
was 20.5 per cent. The abnormal peak was narrower than the albumin
peak in 31 of the 40 myeloma patterns (77.5%) (Table 3). In three of
the nine exceptions the myeloma peaks fell between, and merged with,
the beta or gamma globulin components causing them to appear unusually
wide. In the other six the albumin components were extremely low in
protein concentration, and abnormally narrow. The mean width of these
six narrow albumin peaks was 18.4 per cent of the total migration as
compared to the mean for the rest of the myeloma group of 20.9 per cent.
The low concentration of albumin in these patients, which averaged 1.38 g.
per 100 ml., as compared to the mean of 2.90 g. per 100 ml. in the other
myeloma patients appeared to be responsible for the unusually narrow
contour ofthese peaks. These differences were highly significant (p < 0.01).
Furthermore, the abnormal myeloma peaks in these six patients were
wider (19.6%) and of higher concentration (8.60 g. per 100 ml.) than
the abnormal peaks in the rest of the myeloma group (16.5% and 3.07 g.
per 100 ml., respectively). These differences, which are highly significant
(p < 0.01) illustrate the fact that homogeneous electrophoretic components
tend to widen as their concentration increases. The positive correlation
88
Volume 35, August 1962z a: w
42 0~
4
w
42
z a: w
F:
4
2
0 z
?I-
.s
.-
z-
4
-4
4
4 a
)v C)-
C) -
Ebt
_C)
Cd a
cC bO 0
Cld
; . 0
I. C )~ cU
a); 0
0~
C)0
Cd o
0 40
A0
Or=
CUZC
CdCdU
c 8
C.
cd1.
o
- *).0
>.2
0o.
'U**-H
.s 3) -.
C En
CU° d
CU
._O
-= CU 2.*_Ca
04-'0
ZC).
3. U)
C)3.C)
._dl
;c b
° 3UC) C.).
03t,,
0
~ C
49
a N
4M MYELOMA PATTERN
19.6 v 21.7-
I I ---402- "I I I I"
PERCENT OF TOTAL WIDTH
GCANMA PEAK BETAALPHA-21ALPHA-II ALBUMIN
FIG. 2. An abnormal serum electrophoretic pattern showing a homogeneous "M"
protein peak. The abnormal protein migrates between, and merges with, the beta
and gamma globulin components. The dotted lines represent the projection of the
abnormal homogeneous protein used for purposes of measurement.Electrophoretic peaks in multiple myeloma I CONN, KLATSKIN
between peak width and protein concentration for both normal and abnormal
components is shown graphically in Figure 3.
Visual inspection and direct measurement of the width of the albumin
and abnormal protein bands on the stained filter paper strips gave exactly
the same results as the baseline measurements of the corresponding scanned
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FIG. 3. Correlation of the width to the area of electrophoretic components. A positive
correlation existed for albumin (p < 0.05), gamma globulin (p < 0.01), and for the
homogeneous protein peaks (p < 0.01).
electrophoretic patterns. By each method 31 myeloma peaks appeared
narrower than their corresponding albumin peaks.
The abnormal peaks in the pseudomyeloma group were significantly
smaller and narrower than in the myeloma group (p < 0.001), although
the albumin fractions in the two groups were of almost identical concen-
tration and width (Tables 1, 2). In the pseudomyeloma group the abnormal
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peak had a mean width of 14.3 per cent of the total migration, compared
to 20.5 per cent for the albumin fraction. In all instances the abnormal
peak was narrower than the albumin peak at the baseline of the scanned
pattern, and also by visual inspection and direct measurement of the
stained strips.
Comparisons were also made of peak widths at various levels above
the baseline on the scanned patterns. In the myeloma group the abnormal
peak was narrower than the albumin fraction in 31 of the 40 patients
(77.5%o) when measured at the baseline. At a point one-quarter of the
way between the base and the apex, however, the abnormal peak was
narrower in only 55 per cent. At the half-way level this was true in only
46 per cent and at the three-quarters level in only 38 per cent of
the cases. In the pseudomyeloma group, the abnormal peaks were narrower
than the albumin peaks in 100 per cent at the baseline, but in only 90 per
cent, 86 per cent and 73 per cent of the cases, respectively, when measured
at the one-quarter, one-half and three-quarters levels.
There are several explanations for the tendency of abnormal peaks to
be narrower than the corresponding albumin peaks at the base, but wider
when measured at levels above the baseline. First, this phenomenon is
observed in serum which contains large amounts of abnormal protein and
relatively little albumin. Electrophoretically this results in a triangular-
shaped albumin peak of normal baseline width which slopes sharply to
the apex. The abnormal peaks, by virtue of the homogeneity, however,
show a relatively narrow base which tapers very gradually to the apex,
resulting in a columnar-shaped component. This paradoxical relationship
occurred more frequently in the myeloma group than in the pseudo-
myeloma group because of the higher concentration of abnormal protein
in the former. Secondly, because of its greater distance of migration the
albumin peak tends to become broader at the base and, consequently,
narrower toward the apex than the abnormal globulin which has a much
shorter migration.
Height-to-width ratios. The height-to-width "K" index of Kyle, et al.,'"
which is measured at the midpoint between the apex and base, had a
mean value of 9.5 ± 3.5 in the 40 myeloma patients, and was greater
than 4.0 in 37 instances (92%o) (Table 3). In the pseudomyeloma group the
mean "K" index was 7.3 ± 3.3, and was greater than 4.0 in 42 of the 50
patients (84%). In the remaining patients the low values appeared to
be related to the low concentration of the abnormal protein. The "K"
index did not exceed 4.0 in any of the normal subjects or the patients
in the nonspecific hyperglobulinemic group.
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The height-to-width "Q" index of Wuhrmann, et al8."9 which is measured
at the base, had a mean value of 5.3 + 2.0, and was 2.0 or greater in 39
of the 40 patients (97.5%o) with multiple myeloma. In the pseudomyeloma
patients the mean "Q" value was 4.0 + 2.0 and was greater than 2.0 in
all except one of the 50 patients (98%). In contrast, none of the 50
normal patients, and only 3 of the 73 patients (4%o) in the hyper-
globulinemic group had "Q" indices greater than 2.0. In each of three
with falsely high indices the heterogeneous nature of the gamma globulin
component was readily evident on visual inspection of the pattern.
Inspection for abnormal homogeneous peaks. A relatively dense, narrow
globulin band was evident on inspection of the stained filter paper strip
in all of the patients in both the myeloma and pseudomyeloma groups. The
scanned patterns, however, showed abnormal protein peaks in only 37
of the 40 myeloma patients, and in 42 of the 50 pseudomyeloma patients.
The concentration of the abnormal protein was extremely low in each
of the 11 serum specimens in which abnormal peaks were not apparent in
the scanned patterns.
DISCUSSION
The abnormal globulin found in the serum of most patients with multiple
myeloma, by virtue of its relative homogeneity and high concentration,
appears on the stained filter paper electrophoretic pattern as a dense
narrow band which is readily recognized on direct inspection. Sometimes,
however, the abnormal proteins cause less obvious aberrations of the
electrophoretic pattern. Furthermore, similar bands are seen occasionally
in a variety of other disorders. This has stimulated the search for more
objective and precise criteria for the identification of the electrophoretic
patterns of multiple myeloma. A number of such criteria, based on measure-
ments of the peaks obtained by free electrophoresis or by densitometric
analyses of stained filter paper electrophoretic patterns, have been pro-
posed."'2 The results of the present study suggest that none of these criteria
is completely valid in identifying myeloma peaks or in differentiating be-
tween myeloma and pseudomyeloma peaks. Moreover, none of them is
superior to simple inspection of the stained electrophoretic strip.
In the present study almost a quarter of the typical myeloma peaks found
in the scanned patterns of the serum from patients with multiple myeloma
failed to meet the criterion of being narrower than the albumin peak.
Yet, on direct inspection of the stained strip a characteristic dense, narrow
band was evident in every instance. Comparisons made at levels above
the baseline on the scanned electrophoretic patterns showed an even
92
Volume 35, August 1962Electrophoretic peaks in multiple myeloma CONN, KLATSKIN
higher proportion of myeloma peaks that were broader than the albumin
peak. Equally important was the observation that this criterion failed to
distinguish between myeloma and pseudomyeloma peaks. Indeed, the
latter were almost invariably narrower than the albumin peaks, a finding
probably related to the lower concentration of the abnormal globulins.
Several factors were found to influence the relative widths of the myeloma
and albumin peaks, and to account for the frequency with which myeloma
peaks were wider than their corresponding albumin components. Most
important were the relative concentrations of the albumin and myeloma
proteins. It was observed that the width of the peaks varied directly with
the concentration of protein (Fig. 3). Hence, as the level of myeloma
globulin rose, its peak tended to widen at the base. Since this was usually
accompanied by a fall in the concentration of albumin and narrowing of
its peak, it frequently resulted in a myeloma peak which was wider than
the albumin peak. Secondly, beta and "M" myeloma globulins were fre-
quently found to have broader peaks than gamma myeloma proteins of
similar concentration. This apparent widening resulted from the merging
of the former with the adjacent beta and gamma globulin components.
Measurements relating the height to the width of the abnormal peaks
yielded more consistent results, but again failed to distinguish between
myeloma and pseudomyeloma proteins. Of these, the "Q" index (ratio
of the height to the width at the baseline) proved to be more reliable than
the "K" index (ratio of the height to the width measured at the midpoint
between apex and base).
Although the mean width and size of the pseudomyeloma peaks was
narrower and smaller, respectively, than the myeloma peaks, these
parameters were of little objective value in differentiating between indi-
vidual myelomatous or pseudomyelomatous patterns. Since the width of
homogenous peaks can be correlated with their concentration, small, narrow
peaks, which may occur in the pseudomyeloma diseases cannot be dis-
tinguished from the small peaks which occur in the earlier stages of multiple
myeloma.
Simple visual inspection of the stained strip proved to be more reliable
in identifying myeloma proteins than any of the described indices based
on measurements of the scanned patterns. Although classic myeloma peaks
could be detected by any of the criteria described, the less obvious abnor-
inalities were most easily identified on the stained filter paper strip. As a
rule the abnormal protein appeared as a narrow, sharply circumscribed
dense band in the gamma or beta range. Frequently "M" myeloma proteins
merged with the adjacent beta and gamma globulin bands to produce a
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broad, irregular globulin complex. Even at low concentration the myeloma
proteins could be identified as faint, but sharply defined narrow bands
located between the normal globulin bands, or superimposed on the beta
or gamma globulin components.
SUMMARY
In an attempt to establish more precise criteria for the identification of
abnormal myeloma proteins in serum paper electrophoretic patterns, the
stained strips and scanned patterns of 40 patients with multiple myeloma
have been compared with those of 50 normal subjects, 50 nonmyelomatous
patients with serum electrophoretic patterns exhibiting pseudomyeloma
peaks, and 73 patients with nonspecific hyperglobulinemia. The indices
investigated have included: a) the relative widths of the scanned globulin
peaks and their corresponding albumin peaks, measured both at the base
and at various levels between the apex and base; b) the height-to-width
ratios of the scanned globulin peaks, measured at the base ("Q" index
of Wuhrmann, et al.) and at a point halfway between apex and base
("K" index of Kyle, et al.); and c) the relative widths of the albumin
and globulin bands in the stained strips.
The results indicate that in the identification of abnormal myeloma
proteins by paper electrophoresis, the "Q" index is the most reliable of
the indices based on measurements of the scanned pattern. Careful visual
inspection of the stained filter paper strips, however, is superior to any
of the indices measured in identifying the more subtle abnormalities. None
of these methods distinguishes between abnormal myeloma and pseudo-
myeloma globulins.
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